I-
Kahlbaum's pure glacial acetic acid was fractionated through a three section Young and Thomas column from chromium trioxide; the final fraction had a melting point of 16-5° C.
II-5-68 grams of acetic anhydride, purified by the method described, was sealed in a small pyrex bulb with 1 -0115 grams of water. (These quantities should yield an acid containing only 0-11% free water.) The mixture became homogeneous after shaking for 17 hours and the melting point then was 9 • 5° C. It was then allowed to stand at room temperature and the progress of hydrolysis was followed by the rise in melting point. After standing for 52 hours the melting point had risen to 14*0° C. To accelerate the reaction the mixture was heated for l \ hours at 100° C and a constant melting point of 15-5° C was observed. This melting point shows that the acid contained about 0 • 5% water (principally from acetic anhydride), since it has been found that each 0*1% of water will lower the melting point by 0*2° C.* The acid was then twice distilled slowly in vacuo with no detectable change in melting point.
III-A specimen of " light " acetic acid was prepared from " light " malonic acid by the method used to obtain trideuteracetic deuteracid from dideuteromalonic deuteracid (vide infra). This acid had a melting point of 16*65° C. (Literature gives 16*6° C.) Acetic Deuteracid-This acid was prepared by hydrolysing at ordinary temperature purified acetic anhydride with the calculated amount of heavy water containing 99*2% deuterium, i 99*2% of the hydrogen atoms were deuterium atoms. After 4 weeks a product was obtained with a melting point of 14*8° C. This melting point was rising so very slowly that it was assumed to be constant. It may therefore be taken as the minimum value of the melting point and the true value will probably be about 1 *0° C higher. This appears to be a reasonable assumption from what has been said regarding the melting point of acetic acid II, also prepared by hydrolysis of acetic anhydride. It is interesting to com pare the value obtained with the value of 13*3° C given by Lewis and Schutzf for the same acid prepared by the action of deuterium chloride on silver acetate. It is probable that the latter method gave a product containing a considerable amount of D aO.
Trideuteracetic deuteracid was obtained by the method previously published by Wilson.f Carbon suboxide and heavy water (99*5 atomic % deuterium) were allowed to react to give dideuteromalonic deuteracid, which, after exhaustive desiccation over phosphoric oxide at 100° C and 0-01 mm, was converted by heating to trideuteracetic deuteracid. The melting point was 15-8° C.
3-Experimental Procedure
Essentially the experimental arrangement already described* was used. Owing to the small amounts of substances available (1-5-2-5 cc) much smaller tubes had to be employed. These tubes were of Jena glass of 0-6 cm diameter, closed at one end by a flat glass plate. The liquid to be examined was distilled directly into the tube which was then bent round and sealed off. The tube was then mounted on a right-angle prism and illuminated by a vertical mercury arc in the usual way. Both the 4358 and 4047 A mercury lines were used separately for excitation.
For the most part the results have been obtained with a Hilger E349 glass spectrograph of mean dispersion 70 A per mm at 4600 A, but a few spectra have been taken with a Hilger E390 glass spectrograph having a mean dispersion of 20 A per mm at 4600 A. The agreement was very good; the large dispersion instrument revealed conclusively certain lines which previously were doubtful.
4-The Raman Spectra
(a) Acetic Anhydride-The mean values from a number of exposures of from 20 to 24 hours are compared in Table I with the values given by Thatte and Ganesan.t The spectrum which has been obtained is very much richer than that given by the previous investigators but otherwise there is good agreement. It bears many points of similarity to the spectra of the acetic acids and these will be discussed in the next section.
(b) Acetic Acid-Several plates for each of the three speci obtained with exposure times varying from 8 to 24 hours and the mean values are collected in Table II Table III gives a comparison between the mean value from Table II  and existing data. It was the surprising lack of agreement between the values given in the literature which made it necessary to reinvestigate acetic acid. It was thought that this disagreement might originate from the use of acetic acids prepared in different ways. The values given in Table II for three samples of different origin furnish a good mean which agrees, to a con siderable extent, with other values. Careful examination of the plates revealed no lines at 280, 360, 600, 770, 870, 950, 980, 1220, 1730 and 1770 cm-1. All these lines are recorded as being very weak or of zero intensity. It is therefore probably correct to assume that they are not part of the spectrum of acetic acid. A possible explanation of the appear ance of the lines at 360 and 1770 cm-1 in some of the spectra may be the presence of acetic anhydride in the acid, since the anhydride has strong lines of approximately the same value.
In addition lines at 721, 3123, and 3190 cm-1 have been found and their reality is established by their appearance in the spectra of the deuteriumsubstituted acids.
(c)
" Heavy " Acetic Acids-The results for acetic deuteracid and trideuteracetic deuteracid were obtained from a number of exposures 898  908  890  889  900  901  884  893  892  893  889 varying from 8 to 60 hours. These results are collected in Table IV and compared with the values found for acetic anhydride and acetic acid. Figures in parenthesis are the estimated intensities.
5-D iscussion
Comparison of the spectra leads to two general conclusions:-(a) That acetic anhydride exhibits some lines not experienced in the spectra of the acetic acids; and ( b) that the lines of the acids are divisible categories, some lines are unmodified on deuterium substitution, others show a progressive modification as the deuterium content is increased, and the third set consists of lines which are modified in trideuteracetic deuteracid only. It will now be shown how these general conclusions, The lines which occur in acetic anhydride alone are 354, 522, 670, 806, and 1777 cm k This last line is certainly attributable to the C = 0 group, since values of this order of magnitude are commonly encountered in ketones, aldehydes, acid chlorides, and esters, but are not met with in the spectra of carboxylic acids. It is noteworthy that the frequency of about 1660 cm *, characteristic of carboxylic acids, is not in evidence. To assign the other four is much more difficult. Two of them (354 and 670 cm-1) are quite prominent lines but the others are weak. The prominent 354 and 670 cm-1 lines may originate from the C -O link, possibly as deforma tion frequencies of the pseudo-triatomic molecule, AcaO.
b-Lines Common to all Compounds
It has already been stated that the spectra of the acids consist of lines divisible into three main classes. Thus lines which are unmodified through O deuterium substitution arise from the C group of the carboxyl radical.
O Lines which show modification in trideuteracetic acid, but are unmodified in acetic deuteracid, point clearly to an origin in the methyl group. The third category, consisting of lines which show a progressive modification, is the most difficult to explain. None of the acids exhibits the frequency characteristic of the O-H link; this supports the chemical evidence that the carboxyl group does not exhibit typical hydroxylic properties. In view of this fact it would be expected that the Raman spectra of acetic acid and acetic deuteracid should be practically identical. Actually several lines in the spectrum of acetic deuteracid have values intermediate between the corresponding values for acetic acid and trideuteracetic deuteracid. This suggests that the hydrogen atom in the carboxyl group has an unexpectedly large influence on the internal vibrations of the molecule. It is concluded, therefore, that the lines in this category must originate in links or groups, the characteristic vibrations of which are indirectly influenced by the varying masses.
There are two points which should be mentioned before entering into a detailed examination of the lines. The first is that although trideuter acetic deuteracid shows two lines at 1025 and 1093 cm-1 it is necessary from intensity considerations to correlate them with the 1359 and 1431 cm-1 lines of acetic acid in spite of there being lines of about the same numerical value in acetic acid (1016 and 1112 cm-1). Possibly the two lines in trideuteracetic deuteracid are really the gross effect of the un modified lines in these positions and the modification of the more intense fines / and m. The second point is that the fine k does not fall naturally into any of the three main classes. This frequency probably arises from the carboxyl group, but a definite decision on this point is impossible without more accurate polarization data than are at present available. Certainly the value of this frequency is the same in acetic anhydride and acetic acid, is lowered in acetic deuteracid, and raised in trideuteracetic deuteracid. All four lines are weak. If it is correct to suggest that they have corresponding origins it would be very interesting to obtain the theoretical explanation for the curious shifts in value.
Lines Modified in Trideuteracetic Deuteracid Only
The lines belonging to this group have the same values in acetic acid, acetic deuteracid, and acetic anhydride, and comprise the lines marked /, m, p, q. r , s, t, and u in Table IV . The lines p-u-In a preliminary notice of the results* the possibility of some, at least, of these lines arising from an O -H link was considered. Further work has shown definitely that all arise from the methyl group. In an electrical sense protium and deuterium are exactly the same, and, therefore, the force constant of any link should not be altered by deuterium substitution. Also, it has been shown by Anderson and Yostf from an examination of the Raman spectrum of gaseous deuterium that the sub stitution of deuterium for protium does not alter the inter-atomic separa tion, nor consequently the force constant. Protium and deuterium differ in mass, and therefore the change in frequency due to the isotopic effect will be in the ratio of the square root of the reduced masses. Hence, for the C -H link, the frequency in acetic acid should be 1 *36 x the corre sponding frequency in trideuteracetic deuteracid. This relationship is borne out in a satisfactory way in the appended Table V , where v is the average frequency of the unmodified line, v'calc. is v/1-36, and v'ob3. the value for trideuteracetic deuteracid.
From the experimental values there can be no doubt that these fre quencies arise from the methyl group. Exactly why there should be so many is not certain. An examination of the state of polarization of the lines of trideuteracetic deuteracid was made using the apparatus described by DaureJ but owing to the small quantity of substance available accurate * ' Nature,' vol. 135, p. 913 (1935).  t 4 J. Chem. Phys.,' vol. 3, p. 242 (1935) . t " Introduction a l'etude de l'effet Raman," p. 42 (1933). quantitative measurements were not possible. It was found, however, that the line 2111 cm-1 was polarized, and therefore corresponds to the 2935 cm-1 in acetic acid which both Cheng and Simons (Ref. 9 and 10,. Table III ) report as strongly polarized.
It can be stated then that the line q arises from the symmetrical vibration of all three hydrogen atoms outwards from the carbon which is assumed to occupy the apical position in the cone-like CH 3 structure. Such a vibration would give rise to an intense Raman line, which is strongly polarized. The carbon of the methyl group is attached to the carboxyl group, the plane of which may assume certain inclinations towards the line of attachment. When all three hydrogens are performing the same vibration, fig. la , the angle of inclination of the carboxyl group will not play an important role. But when two hydrogen atoms are moving
outwards from the carbon and one hydrogen is moving in towards the carbon, fig. lb and c, then it can be stated definitely that the Raman line arising from this vibration will be depolarized, and it seems reasonable to assume that the arrangement of the vibrations about the projection o f the plane of the carboxyl group will lead to the appearance of at least two frequencies.
It follows, then, that only one member of this group can be assigned definitely and that the other members may arise in the manner suggested in the previous paragraph. All these lines are clearly visible on the plates, and are easily recognizable on the microphotometer records, fig. 2 . These records were obtained from spectra excited by the 4047 A mercury line. The 4358 A mercury line, although intense on the curves, was filtered out to the point where it was incapable of exciting Raman lines. The peaks marked H are not due to Raman lines but to a halation effect produced by reflexion in the spectrograph during a long exposure.
It is noteworthy that, since this group of lines remains unmodified in acetic deuteracid, the deuterium substitution has been effected entirely in the carboxyl group, and supports the chemical evidence concerning the stability of acetic acid towards halogens.*
The line m clearly arises from the CH3 group. In " light " compounds containing the C H 2 group the frequency of 1430 cm-1 is encountered. This line is common to the three compounds containing CH3 but does not occur in trideuteracetic deuteracid, in which the corresponding line is 1093 cm-1. It can therefore be stated, tentatively at any rate, that the frequency characteristic of the CD2 group is in the region of 1100 cm-1.
The line l-Again intensity considerations lead to these lines being classified together. Most probably their origin is in the CH3 group and a slight modification is introduced when the carboxylic protium is replaced by deuterium. Support is lent to this view by the large modification found in the corresponding line for trideuteracetic deuteracid.
Lines Unmodified by Deuterium Substitution
The line n-This line arises from the carboxylic " carbonyl " group and occurs in the spectra of a large number of carboxylic acids. The hypo thesis that this is an inner frequency of the carboxyl group is confirmed by the fact that the slight modification caused by deuterium substitution is the same in both the deuteracids; the value is 1683 cm-1 in CH3C 0 2H, but 1655 cm-1 in CH3C 0 2D, and 1657 cm-1 in CD3C 0 2D.
The lines f i, j-These very weak lines appear to be deform frequencies associated with the carboxyl group since their position is unchanged in the " heavy " molecules.
Lines Exhibiting Progressive Modification
The lines b, d, h-The most important member of this group is the intense line h. This has identical values of 900 cm-1 in acetic anhydride and acetic acid, and is found at 856 and 800 cm 1 in acetic deuteracid and trideuteracetic deuteracid respectively. It can be assigned to the C-C link since it is a well-established Raman frequency for aliphatic com pounds containing this group. Progressive modification of the line is certainly to be expected, but it is interesting to note that acetic deuteracid gives a value almost numerically equal to the mean of the values for the completely " light " and completely " heavy " acetic acids. The same comment can be made regarding the other two members of the group. They are much weaker and are probably deformation frequencies, although a definite decision regarding their origin cannot be made.
In conclusion, it should be pointed out that only a qualitative assign ment of frequencies is possible unless the symmetry class of the molecule is known. If the symmetry class is known, then the product relationship of the frequencies for isotopic compounds can be worked out as has been done by Teller for benzene (private communication) and by Redlich for chloroform.* This method of attack, applied to acetic acid, might explain the several difficulties mentioned in the discussion and, in par ticular, the magnitude of the shifts in lines exhibiting progressive modi fication with increase in deuterium content.
We desire to acknowledge our indebtedness to Professor F. G. Donnan for his continued interest in the work, and to Professor C. K. Ingold and Dr. E. Teller for their valued criticism and advice.
Summary
The Raman spectra of (CH3C 0 )20 , CH3C 0 2H, CH3C 0 2D, and CD3C 0 2D have been investigated. The three acetic acids give similar spectra, the lines of which are divisible into three classes (a) unmodified lines, ( b) lines modified in CD3C 0 2D only, and (c) lines showing pro gressive modification with deuterium content. This classification of the lines is of great assistance in establishing their origin in the molecule. Without knowledge of the symmetry class, however, only a qualitative assignment of the frequencies is possible. This has been made. The frequencies assignable to the CH3 group are unmodified in CH3C 0 2D indicating that only the carboxylic protium has been replaced by deuter ium. The frequency corresponding with the symmetrical C-D vibration is 2111 cm-1 and that corresponding to the CD2 group is 1100 cm-1.
